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I0.\  ABSTRACT  (Conilmto  on  tovoroo  at  dm  If  neceiMfr  wf  Iddmtlty  by  block  mmtbmr) 

^  The  May  spinning  top  aerosol  generator  was  used  to  generate  aerosols  from  neat  Navy 
jet  fuel  and  selected  dispersions  of  three  types  of  polymer  additives  in  the  jet  fuel.  The 
additives  selected  were  Oppemol  B-200,  a  Vistanex  Series,  and  a  proprietary  antimisting 
additive  designated  as  FM-9.  The  mass  median  diameter  (MMD)  of  the  droplets  produced 
was  studied  as  a  function  of  additive  concentration  and  spinning  top  velocity  for  eachs 
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additive.  In  the  case  of  each  additive  the  MMD  significantly  increased  with  concen¬ 
tration  at  constant  RPS.  The  effect  of  the  Oppanol  B-200  was  comparable  to  that  of 
FM-9  with  respect  to  its  influence  on  the  MMD. 
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THE  EFFECT  OF  ADDITIVES  ON  THE  AEROSOLIZATION  OF  JP-5  JET  FUEL 


I  Introduc t ion 

Applied  research  has  been  underway  for  soae  tine  (1-3)  to 
develop  Materials,  called  antiaisting  agents  which  when  added  to 
a  jet  fuel  will  inhibit  the  formation  of  highly  dispersed 
droplets  or  aists.  Interest  in  this  area  has  increased  greatly 
over  the  past  10  years  to  the  point  that  a  conference  on 
antiaisting  fuels  was  recently  held  by  the  Federal  Aviation 
Adaini stration  (4).  Such  antiaisting  agents  presumably  will 
greatly  minimize  the  foraation  of  ignitable  air-fuel  dispersions 
due  to  the  lessened  degree  of  atoaization  of  the  fuel-in-air 
aiztures  -  even  in  the  presence  of  crash-related  ignition 
sources.  The  aechanisa  by  which  these  additives  suppress  the 
foraation  of  aists  reaains  a  aatter  of  conjecture.  Furtheraore, 
this  situation  is  confused  by  the  fact  that  aost  of  the 
additives  which  have  been  studied  are  proprietary  aaterials  with 
no  inforaation  available  on  structure  or  even  aolecular  weight. 
However,  interesting  analogies  appear  between  this  dispersion 
phenoaenon  and  other  phenoaena  such  as  cavitation  suppression  and 
especially  drag  reduction.  That  is,  those  agents  which  have  been 
found  to  exert  a  drag  reducing  effect  have  also  exerted  an 
antiaisting  effeot.  A  salient  difference,  however,  lies  in  the 
range  of  the  additive  concentration  used.  In  drag  reduction, 
phenoaenolvgically-active  concentrations  are  in  the  parts  per 
aillion  range  whereas  in  antiaisting  effects  the  required 
concentrations  are  of  the  order  of  several  tenths  of  a  percent. 

There  is  good  reason  to  believe  that  the  same  agents  which 
would  be  active  in  drag  reduction  would  also  be  active  in  anti¬ 
aisting  (3).  It  would  then  follow  that  antiaisting  agents 
should  possess  the  following  characteristics:  (a)  good 
dispersibility  in  the  fuel,  (b)  essentially  linear  structure  and 
(c)  high  aolecular  weight.  One  of  the  leading  contenders  as  an 
antiaisting  agent  is  a  proprietary  material  designated  FM-9, 
developed  by  ICI  in  England.  No  inforaation  is  available  as  to 
its  structure  or  aolecular  weight.  Using  such  an  agent  alone  as 
a  probe  would  give  little  inforaation  on  the  effect  of  structure 
or  aolecular  weight  upon  any  antiaisting  effeot.  It  was, 
therefore,  decided  to  observe  the  proprietary  aaterial,  FM-9,  in 
parallel  with  a  known  drag  reducing  agent,  polyisobntylene . 

Poly iaobutylene ,  being  a  hydrooarbon  and  having  a  solubility 
paraaeter  of  8.0,  is  expected  to  be  an  optiaua  aateh  for  Navy  JP- 
3  jet  fuel  because  of  the  closeness  of  parameters  and  similarity 
of  cheaical  structure.  Since  the  ignition  of  dispersed  fuel 
below  its  flash  point  is  expected  to  be  related  in  part  to  its 
drop  size  distribution,  it  was  decided  to  study  the 
aerosol ization  of  neat  jet  fuel  and  various  concentrations  of  the 
two  additives  in  the  fuel  through  use  of  the  May  aerosol 
generator. 
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Five  staples  of  poly Isobutylene  (FIB)  were  procured  froa 
two  sources:  Oppsnol  B-200  (Wyandotte  Cheaicsl  Corp.)  and  tlte 
Vistanez  series  L-120,  L-140,  L-180  and  L-200  (EXXON  Corp).  One 
of  the  staples  (Oppanol  B-200)  was  fully  characterized  by  drag 
reduction  and  wiscoaity  aeasur eaent s .  The  Vistanez  aaterials 
were  claiaed  to  bare  tbe  approziaate  aolecular  weight  range  of 
one  aillion  to  fire  aillion.  FM-9,  a  proprietary  product  (ICI). 
was  reeeired  as  a  finished  solution  in  JP-S  jet  fuel.  The  neat 
JP-S  jet  fuel  used  for  the  ezperiaents  was  obtained  froa  Andrews 
Air  Pores  Base.  Md.  The  heptane  used  in  the  characterization  of 
Oppanol  B-200  was  chroaatographic  grade. 

Iittali 

1.  liimitiUm . liiitt  iaa 

Viscosity  aeasureaents  were  aade  in  a  Canaoa-Fenske 
capillary  riscoaeter  type  100  set  in  a  constant  teapetature  bath 
aaintainod  at  23"C  +  0.05*C.  Drag  reduction  aeasureaents  were 
aade  in  an  autoaated  drag  reduction  apparatus.  The  apparatus 
and  procedure  hare  been  preriously  described  (6). 

2.  Ptgg  lilt  BTtllltlgg 


Figure  1  is  a  seheaatic  illustrating  the  ezperiaental 
teeha'ues  and  flow  &t  inforaation  doroloped  in  the  drop  size 
ezperiaents.  The  Nay  aerosol  generator  (B6I  Incorporated)  was 
used  to  generate  aerosol  dispersions  of  jet  fuel  and 
add! t ire-aodif i»d  jet  fuel  as  a  function  of  rotor  speed.  A 
Teflon  slide  collected  the  output  which  was  iaaediately  placed  on 
a  aicrosoope  stage  and  photographed.  Froa  a  knowledge  of  the 
enlargoaent  ratio,  the  drop  segaont  diaaeter  was  aeasured.  The 
contact  angle  of  the  drop  on  the  sane  Teflon  surface  was 
deterained  using  a  contact  angle  gonioacter  (Central  Scientific 
Coapsay) .  Froa  the  segaeht  diaaeters  and  contaot  angles  the 
free  drop  diaaeters  were  calculated  (7).  The  relation 
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The  contact  angle  of  the  jet  fnel  and  ita  aolntlona  did  not 
▼ary  significantly  from  40*.  Appr oxiaately  30  aicrodrops  were 
■easnred  in  each  ran  and  histograas  were  developed  froa  the  data. 
The  aass  aedian  diaaeters  were  deterained  on  probability  paper 
(which  assnaes  a  Gaussian  distribution).  A  Texas  Instruaents 
TI-59  prograaaable  calculator  and  printer  were  used  to  develop 
the  histograa  data  and  perfora  other  necessary  calculations. 


3 .  Fuel  Flaaaabilitv  Tests 
a.  Apparatus 

A  spinning  disk  atoaizer  was  used  to  aeasure  the  aist 
flaaaability  of  jet  fuels.  The  disk,  patterned  after  one  used 
by  Mannheiaer  (8)  was  aade  of  brass  and  aeasured  4  1/4  inches  in 
disaster  and  1/2  inch  in  thickness.  It  contained  a  cavity  in  the 
center,  1  inch  in  disaster  and  1/4  inch  deep.  Four  radial  holes 
0.078  inches  in  disaster  and  spaced  90*  apart  were  drilled  froa 
the  ria  of  the  disk  into  the  cavity.  In  operation,  fluid 
delivered  to  the  center  of  the  oavity  while  the  disk  was 
spinning  was  dispensed  by  centrifugal  force  through  the  radial 
holes  in  the  fora  of  a  aist. 

The  disk  was  aounted  on  the  vertically  oriented  shaft  of  the 
drive  aotor  as  shown  in  the  scheaatie  diagraa  in  Figure  2.  A 
GAST  Model  1AM  air  aotor  drive  (10,000  rpa,  aax.)  was  used  for 
safety  reasons.  A  variable  pressure  reducing  valve  was  used  to 
control  the  speed  of  the  air  aotor.  Speed  of  the  spinning  disk 
was  aeasured  by  a  Pioneer  DT  36  digital  photoelectric  taehoaeter 
with  a  reaote  pickup  which  focused  on  a  piece  of  reflective  tape 
attached  to  the  surface  of  the  spinning  disk. 

The  spinning  disk  and  drive  aotor  were  aounted  in  the  center 
of  an  18  inoh  square  test  stand  or  table  with  the  disk  about  1  ~ 
1/2  inches  above  the  flat  aluainua  top.  Air  discharge  froa  the 
aotor  was  direoted  beneath  the  solid  top.  The  source  of  ignition 
was  a  propane  burner  located  12  inches  froa  the  center  of  the 
spinning  disk  and  at  the  sane  level.  The  entire  asseably  was 
plaoed  in  the  center  of  an  open-top  rectangular  cinder-block 
enclosure  aeasuring  4  1/2  by  5  1/2  feet.  A  esaera  was  used  to 
record  the  flaaaability  characteristics  of  the  various  fluids 
under  study. 

The  jet  fuel  was  delivered  to  the  spinning  disk  froa  a  safe 
distaaoe  through  1/4  inch  diaaeter  oopper  tubing  by  aeans  of  a 
low  shear  positive-displaoeaent  syringe  or  puap,  consisting  of  a 
vertically  aounted  cylinder  and  aovable  piston.  A  scheaatie  of 
the  arraageaent  of  the  syringe  and  accessories  are  included  in 
Figure  2.  The  cylinder  aeasured  3  1/4  inches  in  disaster  and 
5  1/4  inches  long.  Displaceaent  of  the  fluid  was  sccoaplished  by 
aoving  the  piston  at  a  very  slow  rate  by  a  lead  screw  driven  by  a 


gear  aotor  through  a  variable  ratio  speed  reducer.  Speed  of  the 
gear  aotor  vaa  controlled  by  a  BELLES  Model  S-30  aotor  control 
unit  and  vaa  aonitored  by  a  recorder  driven  by  a  DC  generator 
coupled  to  the  gear  aotor.  Liait  svitchea  on  the  lead  acrev 
deterained  the  length  of  travel  of  the  piaton.  The  voluae  of 
fluid  diaplaced  during  a  single  stroke  of  the  piaton  was 
approziaately  1470  al.  Means  were  provided  whereby  the  fluid 
delivery  line  could  be  purged  with  coapressed  air  when  charging 
the  systea  with  a  new  fluid. 


b.  Procedure 

Unless  the  fluid  to  be  tested  was  the  saae  as  that  used  in 
the  previous  de teraination,  the  fluid  delivery  line  was  purged  by 
opening  the  air  valve  on  top  of  the  syringe  cylinder.  The  filler 
plug  was  then  reaoved  and  the  piaton  lowered  to  the  bottoa  of  the 
stroke.  The  cylinder  vac  then  charged  with  the  new  fluid  and  the 
plug  replaced. 

It  has  been  found  beneficial  in  terns  of  disk  speed 
stability  to  operate  the  air  aotor  at  half  speed  for  several 
ainutes  while  preparing  for  the  first  test  of  the  day.  The 
propane  burner  was  then  ignited,  the  disk  drive  aotor  brought  up 
to  the  desired  speed  and  allowed  to  stabilize  for  a  few  ainutes. 
After  the  caaera  was  in  place,  the  syringe  drive  aotor  vaa 
started.  The  delivery  rate  of  the  fuel  was  400  al/ain. 

As  the  fluid  entered  the  cavity  in  the  center  of  the 
spinning  disk,  it  was  found  that  the  disk  speed  was  reduced  12- 
13%  at  400  al/ain  delivery  because  of  the  centrifugal  force 
required  to  disperse  the  fluid  froa  the  spinning  disk.  At  this 
point,  the  operator  had  the  option  of  restoring  the  disk  to  its 
original  speed,  or  of  raising  the  speed  an  appropriate  aaount 
before  the  test  fluid  was  adaitted  to  the  disk  in  order  to 
achieve  the  desired  speed  during  the  test  itself.  In  either 
case,  the  saae  procedure  was  followed  for  a  given  series  of  tests 
for,  in  general,  it  has  been  found  that  higher  disk  speeds  tended 
to  increase  the  flaaaability  of  the  fluid  under  test.  This  is 
probably  due  to  the  foraation  of  aaaller  droplets  at  the  higher 
disk  speeds  for  a  given  fluid.  Siailar  behavior  has  been 
observed  (9)  with  the  May  spinning  disk  aerosol  generator. 

Any  propagation  of  yellow  flaae  away  froa  the  blue  propane 
flaae  vaa  considered  evidence  of  ignition  of  the  fluid  under 
test.  As  ignitability  increased,  an  are  of  flaae  was  established 
which  soaetiaes  eoapletely  encircled  the  spinning  disk.  The 
degree  of  eneircleaent  at  a  given  disk  speed  was  a  qualitative 
indication  of  the  relative  flaaaability  of  the  fluid.  The  flaae 
could  be  eztinguished  by  stopping  the  syringe  drive  aotor.  If 
there  was  no  propagation  of  flaae  froa  the  propane  flaae,  the 
fluid  under  test  was  oonaidered  to  be  non-f leasable  under  the 
conditions  of  the  test. 
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Figure  3  reports  aeasureaents  asde  in  the  capillary 
▼iacoaeter  for  the  purpose  of  estiaating  the  aolecular  weight  of 
the  Oppaaol  B-200  saaple.  The  solvent  used,  heptane,  with  its 
solubility  paraaeter  (&)  of  7.45  is  neither  a  good  nor  poor 
solwent  for  poly isobutylene  (6  ”  8.0).  A  least  squares  plot  of 
reduced  viscosity  versus  concentration  in  grass  per  deciliter  was 
asde  yielding  an  intrinsic  viscosity,  (q),  of  5.21  dl/g.  The 
data  conforaed  to  Huggins'  equation  but  the  Huggins  constant 
seeaed  soaewhat  high  (K  »  1.09).  The  aolecular  weight  of  the  PIB 
was  deterained  froa  the  Mark-Houw ink  relation  estiaated  for  PIB 
in  heptane,  (q)  ■  7.57  x  10“^  M®*75.  The  value  of  the 

exponent  in  the  relation  was  approxiaated  froa  Van  Krevelen  and 
Hoftyser's  work  (10)  and  the  value  of  K  froa  Fox  and  Flory's 
relations  (11).  A  aolecular  weight  of  2.8  x  10*  was  obtained  for 
the  Oppanol  B-200  saaple. 

The  Oppanol  B-200  saaple  also  showed  substantial  drag 
reduction  characteristics.  Figure  4  shows  a  drag  reduction  plot 
designed  to  deteraine  the  drag  reduction  index  (12,13).  A  linear 
plot  of  concentration  divided  by  fractional  drag  reduction  versus 
concentration  (expressed  in  ppa)  yields  an  index  of  0.388  for 
DRa/(c)  (or  38.8  based  on  percent  drag  reduction)  where  DRa  is 
the  aaxiaua  drag  reduction  and  (c)  is  the  intrinsic  concentration 
(14).  Froa  the  plot  of  DRa/c  versus  aolecular  weight  deterained 
for  Polyox  polyaers  in  water  (13),  this  index  would  correspond  to 
a  polyethylene  oxide  polyaer  of  2.4  x  10*  in  aolecular  weight. 
Since  drag  reduction  is  probably  polyaer  length  related,  the 
equivalent  length  for  a  poly  isobutylene  aolecule  would  correspond 
to  a  aolecular  weight  of  3.0  x  10*,  an  excellent  check  of  the 
intrinsic  viscosity  results. 

It  has  been  conjectured  that  both  the  drag  reduction  and 
aatiaisting  effects  are  the  result  of  viscoelastic  phenoaena. 
Coapounds  which  are  good  drag  reducing  agents  also  seen  to  be 
good  antiaisting  agents  (4)  in  spite  of  the  fact  that  drag 
reduction  occurs  in  the  parts  per  Billion  range  of  concentration 
whereas  antiaisting  appears  to  take  plaoe  in  the  tenths  of  a 
percent  concentration  range.  Drag  reduction  of  a  polyaer 
solution  when  referred  to  the  pure  solvent  tends  to  decrease  as 
the  polyaer  concentration  increases  because  of  increased  viscous 
drag  of  the  solution  over  the  solvent.  However,  if  the  solution 
is  referred  to  a  non-Newtonian  fluid  having  the  ssae  power  law 
indices  (but  non-drag  reducing  in  nature)  a  different  rating  is 
obtained.  Figure  5  shows  the  results  of  this  exercise.  In  this 
plot  the  percent  drag  reduction  of  the  polyaer  solution  has  been 
referred  to  a  non-drag  reducing  fluid  having  the  sane  power  law 


indices  as  the  polyaer  solution.  The  percent  drag  reduction  for 
the  polyaer  solution  data  is  seen  to  reaain  sensibly  constant 
over  a  very  vide  range  of  polyaer  concentrations  i.e.,  up  to  1000 
ppa  or  0.1%.  Thus  drag  reduction  effeeta  persist  into  the 
antiaisting  regiae  and  do  not  seea  reduced  by  increases  in 
solution  viscosity  (or  polyaer  concentration). 


Mass  Median  Diaaeter  Pajterj-ination 

Jet  Fuel.  JP-S 

The  aethod  outlined  in  the  ezperiaental  section  for  the 
deteraination  of  droplet  sizes  is  an  approziaate  one.  Although 
every  atteapt  was  aade  to  shorten  intervals  betveen  aicrodrop 
collection  and  aicrophotography ,  there  ezisted  the  dual 
possibilities  of  evaporation  during  aicro-drop 
production/collection  and  of  coalescence  of  adjacent  droplets 
resting  on  the  slide  before  the  photographs  vere  taken.  The 
saaple  size  taken  for  counting,  typically  thirty  aicrodrops,  is  a 
ainiaal  statistical  saaple.  Moreover,  the  use  of  a  log  noraal 
distribution  to  estiaate  the  aass  aedian  diaaeter  aay  not  alvays 
be  the  aost  appropriate  analytical  technique  (15)  although  it  is 
coaaonly  used.  Hovever,  if  the  analyzed  data  are  used  to  look  at 
relative  rather  than  absolute  changes  in  drop  size,  as  produced 
by  the  addition  of  high  aoleoular  substances  to  the  subject 
fluid,  then  at  least  qualitative  effects  aay  be  assessed. 

Figure  6  is  a  plot  of  diaaeter  in  aicroaeters  versus  the 
cuaulstive  weight  percent  and  ouaulative  frequency  percent  froa 
the  histograa  data  (Fig.  7).  The  driving  pressure  for  the  May 
aerosol  generator  was  6  psi  which  corresponds  to  a  rotational 
velocity  of  828  revolutions  per  second  or  a  tangential  velooity 
of  152  aph.  Such  a  velocity  is  to  be  encountered  in  the  landing 
speed  of  high  perforaance  airoraft.  The  estiaate  of  aass  aedian 
diaaeter  (MMD)  froa  the  plot  was  20|ta.  The  aedian  diaaeter 
corresponding  to  a  cuaulstive  frequency  percent  plot,  on  the 
other  hand,  was  15jia.  Direot  calculation  froa  the  histograa  data 
led  to  a  weight-average  value  of  24pa  and  a  nuaber-average  value 
of  28.5pa  for  the  respective  aedian  diaaeters.  Because  of  the 
popularity  of  cuaulative  weight  percent  plots  and  the  use  of  the 
data  to  show  relative  rather  than  absolute  effects,  it  was 
decided  to  use  the  cuaulstive  weight  percent  plots  as  a  aeans  of 
evaluating  the  data.  The  effect  of  increased  rotor  speed  on  the 
aass  aedian  diaaeter  is  reported  in  Table  1  where  the  aass  aedian 
diaaeter  has  been  tabulated  with  respect  to  rotor  speed  in 
revolutions  per  second  (RPS) .  The  deorease  in  MMD  with  rotor 
speed  is  quite  evident.  Velocities  lower  than  828  KPS  (152  aph) 
were  not  possible  since  rotor  instability  developed. 
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The  action  of  the  May  generator  on  the  Oppanol  B-200 
eolation  would  frequently  produce  a  large  aicrodroplet  in  which 
25  to  60%  of  the  photographed  saaple  aaia  waa  concentrated.  A 
diatribution  of  aicrodrople t s  of  leaser  size  would  then  be 
observed  ahowing  fewer  large  aicrodropleta  followed  by 
aaaller  aicrodropleta  peaking  aoaewhere  between  25  to  75  pa 
depending  upon  the  rotor  apeed.  Figure  8  reporta  the  data 
typically  observed  for  a  rotor  apeed  of  828  rpa.  Fifty-five 
percent  of  the  collected  aaaple  aast  (as  photographed)  was 
concentrated  in  one  aicrodroplet  of  195pa  diaaeter.  No 
aicrodropleta  between  120  and  180  pa  were  observed.  A  aedian 
diaaeter  of  40pa  is  observed  in  the  lower  aicrodroplet  range  of 
sixes.  Figure  9  plots  the  diaaeter  versus  the  cuaulative  weight 
percent  on  logaritha  probability  paper.  A  aass  aedian  diaaeter 
of  llOpa  was  obtained.  Two  separate  runs  were  aade  which  appear 
to  be  consistent  with  approziaately  the  saae  aass  aedian 
diaaeter.  A  nuaber  of  experiments  were  run  at  higher  rotor 
speeds  and  this  data  is  reported  in  Table  1.  A  decrease  in  aass 
aedian  diaaeter  for  the  Oppanol  B-200  solutions  is  observed  with 
increasing  rotor  speed.  Also  included  in  Table  1  are  the  aass 
aedian  diaaeter  data  for  the  JP-5  neat  fuel.  The  relative 
decrease  in  diaaeter  for  both  solution  and  neat  fuel  is 
approziaately  the  saae  as  the  rotor  speed  is  increased. 

Table  1  also  reports  the  effect  of  Oppanol  B-200 
concentration  on  the  MMD  as  a  function  of  polyaer  concentration 
at  selected  rotor  speeds.  There  is  a  distinct  increase  in  MMD 
with  increasing  concentration.  The  first  increaents  of  polyaer 
produce  large  effects  in  droplet  size  increase.  The  effect 
obviously  decreases  on  a  size  per  unit  concentration  basis  as  the 
concentration  is  increased.  At  1  percent  concentration  of 
Oppanol  B-200,  the  droplet  reaches  a  voluae  size  which 
is  1000  tiaes  greater  than  that  of  the  neat  fuel  droplets.  The 
effeot  of  PIB  molecular  weight  is  reported  in  Table  2.  At  the 
working  level  of  0.25  percent  poly  isobutylene,  large  changes  in 
additive  aolecular  weight  appear  to  produce  somewhat  larger 
aicrodropleta.  For  ezaaple,  an  increase  in  nominal  aolecular 
weight  froa  1  to  5  aillion  changes  the  aicrodroplet  diaaeter 
ratio  of  PIB  solution  to  neat  fuel  froa  3.8  to  5.8.  Since  voluae 
ratio  is  the  cube  of  the  diaaeter  ratio,  the  L-200  saaple 
produces  a  aicrodroplet  voluae  (at  the  aass  aedian  point) 
approziaately  3.5  tiaes  greater  than  that  of  the  L-120  saaple. 


The  effect  of  FX-9  concentration  and  rotor  velocity  on  east 
aedian  diameter  is  reported  in  Table  3.  The  FM-9  solntion  was 
snpplied  as  a  0.3  percent  concentration  in  JP-5.  Lower 
concentrations  of  additive  were  obtained  by  appropriate  dilation 
with  neat  JP-5 .  Upon  comparing  the  FM-9  data  with  the  PIB  data 
it  is  evident  that  the  aasa  median  diaaeter  decreases  more 
rapidly  for  the  FM-9  material  than  for  the  PIB  as  the 
concentration  of  additive  decreasea.  Moreover,  increasing  rotor 
velocity  has  a  much  greater  effect  on  the  decrease  of  MMD  for 
the  FM-9  solution  than  for  the  PIB  solntiona  at  all 
concentrations.  For  example,  the  MMD  of  the  0.3  percent  FM-9 
solntion  decreased  from  148pm  at  a  rotor  speed  of  828  BPS  to  32pm 
at  1533  BPS.  The  0.25  percent  PIB  solution  MMD,  on  the  other 
hand,  decreased  from  110pm  to  66 pm  under  the  same  conditions.  At 
higher  rotor  velocities,  PIB- spe c if ical ly  Oppanol  B-200  -  appears 
to  have  the  edge  on  FM-9.  At  lower  rotor  speeds,  however,  the 
FM9  and  B-200  materials  are  roughly  comparable  in  their  effect 
on  the  MMD. 
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Early  experiments  with  both  marine  distillate  and  with  JP-5 
aircraft  jet  fuels  indicated  that  in  order  to  achieve 
reproducible  ignition  and  sustained  burning  in  the  flammability 
apparatus,  a  minimum  fuel  delivery  rate  of  400  ml/min  and  a 
spinning  disk  speed  of  about  5000  rpm  were  required.  At  disk 
speeds  as  low  as  3300  rpm.  JP-5  fuel  was  dispensed  in  readily 
observable  discrete  drops.  Though  the  drops  burned  as  they 
passed  through  the  test  flame,  ignition  was  erratic,  and  as  may 
be  seen  in  Figure  10,  no  propagation  of  the  flame  occurred. 
Increasing  the  speed  to  4900  rpm  (61  mph  disk  tangential 
velocity)  resulted  in  some  propagation  of  the  flame  (Figure  11). 
Bowever,  as  may  be  seen  in  Figure  12,  if  the  disk  speed  was 
increased  to  6400  rpm  (80  mph  tangential  velocity)  the  flame 
nearly  encircled  the  flammability  apparatus.  The  experiment  was 
repeated  a  number  of  times  and  established  that  this  effect 
always  occurred  in  the  region  of  6300-6400  disk  rpm.  It  was  of 
interest  to  find  that  once  the  encirclement  of  flame  was 
established,  the  disk  speed  could  be  reduced  to  about  5000  rpm 
before  the  flame  propagation  was  materially  reduced. 

The  flammability  apparatus  was  filled  with  JP-5  fuel 
containing  0.3  percent  FM-9.  Because  of  the  inadvertent  dilation 
with  unremoved  JP-5  fuel  in  the  system,  the  concentration  of  the 
FM-9  mixture  was  about  0.2  percent.  The  test  was  started  at  a 
disk  speed  of  6400  rpm.  As  seen  in  Figure  13,  the  flame 
generated  was  confined  to  a  small  volume  surrounding  the  propane 
test  flame.  At  8200  rpm,  the  volume  of  flame  increased  slightly 
(Figure  14).  At  the  maximum  disk  speed  of  10,000  rpm  (125  mph 
tangential  velocity),  no  propagation  of  flame  occurred.  As  seen 
in  Figure  15,  the  envelope  surrounding  the  test  flame  appears 


larger  but  this  aay  be  due  ia  part  to  tbe  windage  effects  froa 
the  higher  speed  of  the  spinning  disk. 

The  FM-9  fuel  was  reaoved  froa  the  delivery  systea  and  the 
apparatus  was  thoroughly  flushed  with  JP-5  fuel.  Subsequent 
tests  of  the  JP-5  fuel  gave  results  identical  with  those  obtained 
earlier.  This  indicated  that  any  residual  FM-9  fuel  in  the 
systea  had  a  negligible  effect. 

The  JP-5  fuel  was  entirely  reaoved  froa  the  systea  and 
replaced  with  0.3  percent  FM-9  in  jet  fuel.  Flaaaability  tests 
obtained  were  identical  with  those  obtained  with  the  aore  dilute 
0.2  percent  FM-9  fuel.  This  suggests  that  the  concentration  of 
this  aixture  aay  be  reduced  by  one-third  without  adverse  effects 
on  the  flaaaability. 

The  flaaaability  apparatus  was  then  thoroughly  flushed  with 
JP-5  fuel,  the  residual  reaoved  and  the  systea  filled  with  0.2 
percent  poly  isobutylene  in  aarine  diesel  fuel.  At  a  disk  speed 
of  6 500  rpa,  no  ignition  occurred,  though  yellow  scintillation 
effects  appeared  in  the  test  flaae  (Figure  16).  At  a  disk  speed 
of  8000  rpa  (100  aph  tangential  velocity),  the  yellow 
discoloration  of  the  flaae  was  increased  slightly  (Figure  17). 
Only  a  slight  additional  increase  in  the  yellow  flaae  voluae  is 
seen  in  Figure  18  where  the  disk  speed  was  10,000  rpa.  By 
coaparing  the  series  of  Figures  13,  14,  and  15  with  Figures  16, 

17  and  18,  it  can  readily  be  seen  that  the  effect  on  the  propane 
test  flaae  by  the  fuel  containing  0.2  percent  polyisobutylene  is 
less  pronounced  than  that  inposed  by  the  FM-9  fuel.  Soae  of  this 
difference  aay  have  arisen  froa  differences  in  the 
f laaaabil ities  of  the  base  fuels.  However,  the  fire-resistant 
properties  of  either  of  the  antiaisting  fuel  coapositions  are 
obvious  when  coapared  with  neat  JP-5  fuel. 

IV  Conclusion 

1.  The  proprietary  antiaisting  jet  fuel  additive,  FM-9, 
greatly  increases  the  aass  median  diaaeter  of  aerosolized  jet 
fuel  produced  at  the  0.2  to  0.3%  concentration  level  and  a  rotor 
speed  of  828  BPS. 

2.  Poly  isobutylene  (Oppanol  B-200)  of  three  aillion 
molecular  weight  is  approziaately  equivalent  to  FM-9  in  its 
effect  on  MMD  at  the  0,25%  concentration  level,  at  the  low  rotor 

speed. 


3.  Increasing  rotor  speed  froa  828  EPS  to  1522  KPS  causes 
the  aass  aedian  diaaeter  of  aerosolised  dispersions  to  decrease 
far  aore  rapidly  for  FM-9  aodified  jet  fuel  than  for  fuel 
containing  Oppanol  B-200. 
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4.  Increases  in  both  concentration  and  aoleeular  weight 
produce  significant  increases  in  the  aass  aedian  diaaeter  of 
addi t ive-aodif ied  fnel. 

5.  The  superior  perforaance  of  polyisobutylene  over  FU-9  in 
its  jet  fuel  dispersions  suggests  its  application  in  cases  where 
eztreaely  high  velocities  aight  be  encountered,  for  ezaaple  as  in 
unwanted  fuel  ingestion  in  jet  engines. 

6.  The  flaaaability  tests  for  FX-9  and  PIB  dispersions  in 
selected  fuel  saaples  validate  the  fire-resistant  qualities  of 
both  additives  at  concentrationa  of  0.2%  and  0.3%. 
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MOPANE  SUPPLY 


Fig.  2  —  Flammability  apparatus 
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Fig.  4  —  Drag  reduction  of  Oppanol  B-200  in  JP-5  jet  fuel 
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PARTICLE  DIAMETER  (micrometers) 

Fig.  7  —  Histogram  of  droplet  aize  for  JP-5  neat  fuel 
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PARTICLE  DIAMETER  (micrometers) 

Fig.  8  —  Histogram  for  0.26  percent  Oppanol  B-200  in  JP-5 


CUMULATIVE  WEIGHT  PERCENT 

Fig.  9  —  Probability  plot  of  droplet  tize  vt  cumulative  weight 
percent  for  0.25  percent  Oppanol  B-200  at  828  RPS  in  May  Genera¬ 
tor;  A  Run  I,  O  Run  □ 
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Pig.  11  -  JP-5  at  4900  rpm 
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Fig.  15  —  0.2  percent  FM-9  in  JP-5  at  10,000  rpm 


Fig.  16  —  0.2  percent  Oppanol  B-200  in  JP-5  at  6500  rptn 
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Fig.  17  —  0.2  percent  Oppanol  B-200  in  JP-6  at  8000  rpm 


Fig.  18  —  0.2  percent  Oppenol  B-200  in  JP-5  at  10,000  rpm 


Table  1  —  Effect  of  concentration  and  rotor  velocity  on  maae  median  diameter  of 
Oppanol  B-200  aohitiona  in  JP-5 


moemtration.  wt-% 

828 

0 

"To" 

0.0625 

80 

0.250 

110 

0.500 

175 

985 

NMD. 

1325 

aw 

1533 

17 

14 

9 

70 

- 

52 

95 

73 

66 

138 

— 

120 

Table  2  —  Effect  of  Vietanex  molecular  weight  on  maae  median  diameter  at 
constant  rotor  velocity  (828  RPS)  and  concentration  (0.25  percent) 


Nominal 

Moleealar 

HMD 

Diameter  Ratio 

Vietanex  Cod . 

Weiaht 

(  mi) 

PIB/JP-3 

L-120 

1  x  10‘ 

75 

3.8 

L-140 

2  x  10* 

84 

4.2 

L-180 

3  x  10* 

110 

5.5 

L-200 

5  x  10* 

115 

5.8 

k 


Table  3  —  Effect  of  concentration  and  rotor  velocity  on  maae  median  diameter  of 

FM-9  solutions  in  JP-5 
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